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(54) Detection of dehydration condition by measuring bioelectric impedance 



(57) A dehydration condition judging apparatus is 
disclosed. The apparatus comprises a bioelectric im- 
pedance measuring device; a dehydration condition 
judging unit; an judgement result displaying unit; an in- 
form time determining unit; and an informing device. The 
bioelectric impedance measuring device supplies an al- 
ternating current to a body of a subject and measures a 



bioelectric impedance value. The dehydration condition 
judging unit judges a dehydration condition of the sub- 
ject based on the measured bioelectric impedance val- 
ue. The judgment result displaying unit displays the 
judged dehydration condition. The inform time determin- 
ing unit determines an inform time. The informing device 
informs the subject at the determined inform time that it 
is time to measure the total amount of body water. 
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Description 

Background of the Invention: 
Field of the Invention: 

[0001] The present invention relates to a dehydration 
condition judging apparatus forjudging if a dehydration 
condition is occurring by measuring bioelectric imped- 
ance of a living body. 

Prior Art: 

[0002] Dehydration is a condition, in which water in a 
living body is abnormally reduced, and it often occurs in 
daily life when a person is exercising or when the tem- 
perature is high because a lot of water is excreted from 
the body by sweating and an elevated body tempera- 
ture. Especially, it is said that elderly persons are apt to 
experience dehydration symptoms. This is because, 
when one becomes older, size of muscles which contain 
water decreases, the amount of urine increases be- 
cause the function of the kidneys deteriorates, and 
awareness of thirsty decreases because the senses are 
dulled. Another reason is thatthe amount of water which 
cells require decreases. 

[0003] If dehydration symptoms are left untreated, the 
dehydration symptoms will gradually become worse un- 
til a serious dehydration condition is occurring. Usually, 
it is said that, when one third of the water in a living body 
is lost, the body temperature regulation is disturbed. 
This causes the body temperature to increase, and then 
water in the living body is further reduced. In other 
words, vicious circle is created, until at last, a heat ill- 
ness occurs. A heat illness includes conditions such as 
heat cramp, desert syndrome and heatstroke. Some- 
times all the organs in the body are affected by the heat 
illness. 

[0004] Thus it is desired that dehydration symptoms 
be dealt with at an early stage to avoid the risk of a heat 
illness. However, people are often not aware of dehy- 
dration symptoms at the early stage, and thus it is diffi- 
cult for them to judge their dehydration condition in an 
early stage only based on self awareness. As a result, 
the dehydration symptoms are left untreated, which 
symptoms thus gradually becomes worse, until a sub- 
ject finally feels dizzy or thirsty and thus realizes he/she 
is not in good condition. It often happens that he/she is 
actually in a serious dehydration condition at the time 
he/she feels dizzy. 

[0005] Japanese Patent Laid-Open Publication No. 
Hei 11-318845 discloses an apparatus for measuring 
the total amount of water in a body, thus allowing dehy- 
dration symptoms which a person is not aware of to be 
detected. This apparatus determines the total amount 
of body water in a living body of a subject easily by 
measuring a bioelectrical impedance value. 
[0006] However, in a case where this apparatus is 



used, dehydration symptoms can not be detected if a 
subject measures the total amount of body water spon- 
taneously. The subject often forgets to measure the total 
amount of body water, and thus dehydration symptoms 

5 can not be detected at an early stage. Especially, as 
stated above, when a person is exercising or when the 
temperature is high, or in the case of an elderly person, 
dehydration symptoms are apt to occur. Thus, a person 
should pay special attention to the possibility of the de- 

10 velopment of dehydration symptoms. However, when a 
person is absorbed in exercising, he/she can not con- 
centrate at such times because of the heat and humidity, 
and thus forgets to measure the total amount of body 
water. As regard to elderly people, they forget to meas- 

15 ure the total amount of body water because they are not 
aware they are thirsty due to the dulling of their senses. 
As a result, it is difficult to detect dehydration symptoms 
at an early stage. 

[0007] As above mentioned, a bioelectrical imped- 

20 ance value changes when the the total amount of body 
water changes. It is also known that a bioelectrical im- 
pedance value changes when the body temperature 
changes. That is, the bioelectrical impedance value de- 
creases when the body temperature goes up, and the 

25 bioelectrical impedance value increases when the body 
temperature goes down. However, said conventional 
apparatus, calculating the total amount of body water 
based on the bioelectrical impedance value, does not 
take into consideration this fact that the bioelectrical im- 

30 pedance value changes when the body temperature 
changes. Thus, said apparatus can not determine the 
total amount of body water precisely, resulting in it being 
unable to judge the dehydration condition precisely. For 
example, in a case where the total amount of body water 

35 is decreased and the body temperature is raised, and 
thus a dehydration condition should be detected, the 
bioelectrical impedance value increases when the total 
amount of body water is decreased, while on the other 
hand, the bioelectrical impedance value decreases be- 

40 cause body temperature is raised. Thus, when the bio- 
electrical impedance value is measured, and then the 
total amount of body water is calculated based on the 
bioelectrical impedance value to be able to determine 
whether a dehydration condition has occurred or not 

45 based on this calculated total amount of body water, the 
dehydration condition may not be detected. 
[0008] Considering the above, an object of the 
present invention is to provide a dehydration condition 
judging apparatus which is capable of judging whether. 

50 with regard to a subject, a dehydration condition is oc- 
curring at appropriate times and without fail, and detect- 
ing a dehydration condition at an early stage accurately. 

Summary of the Invention: 

55 

[0009] In one aspect of the invention, an apparatus 
for judging whether a dehydration condition is occurring 
(hereinafter a dehydration condition judging apparatus) 
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comprises: a bioelectric impedance measuring device; 
a dehydration condition judging unit; an judgment result 
displaying unit; an inform time determining unit; and an 
informing device. Said bioelectric impedance measur- 
ing device supplies an alternating current to a body of a 
subject and measures a bioelectric impedance value; 
said dehydration condition judging unit judges a dehy- 
dration condition of the subject based on the measured 
bioelectric impedance value; said judgement result dis- 
playing unit displays the judged dehydration condition; 
said inform time determining unit determines an inform 
time; and said informing device informs the subject at 
the determined inform time that it is time to measure the 
total amount of body water. 

[0010] In one embodiment of the invention, said bio- 
electric impedance measuring device supplies an alter- 
nating current of a single frequency. Alternatively, said 
bioelectric impedance measuring device supplies a plu- 
rality of alternating currents of different frequencies to 
the subject. 

[0011] In another embodiment of the invention, the 
dehydration condition judging apparatus comprises a 
body temperature measuring device. Said body temper- 
ature measuring device measures a body temperature 
of the subject, and said dehydration condition judging 
unit takes into consideration the measured body tem- 
perature and then judges a dehydration condition of the 
subject based on the measured bioelectric impedance 
value. 

[0012] In a further embodiment of the invention, the 
dehydration condition judging apparatus comprises an 
age inputting unit. Said age inputting unit has an age of 
a subject inputted into, said inform time determining unit 
then determining the inform time based on the inputted 
age. 

[0013] In another embodiment of the invention, the 
dehydration condition judging apparatus comprises an 
action level input unit. Said action level input unit has an 
action level of the subject inputted into, said inform time 
determining unit then determining an inform time based 
on the inputted action level. 

[0014] In another embodiment of the invention, the 
dehydration condition judging apparatus comprises a 
temperature measuring device. Said temperature 
measuring device measures a temperature, and said in- 
form time determining unit then determines an inform 
time based on the measured temperature. 
[0015] Said inform time determining unit determines 
the inform time based on any combination of the age of 
the subject, the action level and the temperature. 
[0016] In another embodiment of the invention, said 
temperature measuring device measures the tempera- 
ture again at least once in a period between the time the 
inform time is determined and the determined inform 
time, said inform time determining unit then determining 
another inform time again based on the temperature 
measured again. 

[0017] In another embodiment of the invention, the 



dehydration condition judging apparatus comprises a 
humidity measuring device. Said inform time determin- 
ing unit determines an inform time based on the meas- 
ured temperature and humidity. 
5 [0018] Other objects and advantages of the present 
invention will be understood from the following descrip- 
tion of some preferred embodiments, which are shown 
in accompanying drawings: 

10 Fig. 1 is a block diagram of a dehydration condition 
judging apparatus according to one embodiment of 
the present invention; 

Fig. 2 is a perspective view of a dehydration condi- 
tion judging apparatus shown in Figure 1 ; 
15 Fig. 3 is a flowchart illustrating an action flow of the 

dehydration condition judging apparatus of Fig. 1 ; 
and 

Fig. 4 illustrates the proper arrangement of a sub- 
ject's hands when the dehydration condition judging 
20 apparatus of Fig. 1 is being used. 

Description of Preferred Embodiments: 

[0019] Fig. 1 illustrates major components of a dehy- 

25 dration condition judging apparatus according to an em- 
bodiment of the present invention. As shown in Fig.1 . 
the dehydration condition judging apparatus 1 compris- 
es a microcomputer 2 having a CPU, ROM, RAM, timer 
and I/O port. The CPU controls measurements and 

30 judgements, and processes the measurement data. The 
ROM stores programs and some parameters for control 
and calculation operations. The RAM temporarily stores 
the results of operations, the programs derived from ex- 
ternal devices, selected parameters and the like. 

35 [0020] The dehydration condition judging apparatus 
1 further comprises a display 3, a key switch 4 com- 
prised of key switches 4Ato 4E (see Fig. 2), an external 
input-output interface 5. a nonvolatile auxiliary memory 
6. The display 3 shows data inputted by the key switch 

40 4, progress made in the measurements and judgement 
results. The key switch 4 inputs instructions for control- 
ling the present apparatus and personal particulars re- 
quired to make measurements, and selects personal 
particulars stored in the auxiliary memory 6. The exter- 

45 nal input-output interface 5 permits the judgement re- 
sults to be transferred to external devices, and inversely 
it permits instructions for controlling the device and 
some parameters and the like to be supplied from ex- 
ternal devices. The personal particulars and parameters 

50 relating to the measurement inputted by the key switch 
4 are stored in the auxiliary memory 6 . The data stored 
in the memory can be read out and updated. 
[0021] The apparatus 1 further comprises a filter cir- 
cuit?, an AC current output circuit 8, a reference resister 

55 g, a measuring current supply electrode 1 0 and a meas- 
uring current supply electrode 11. The filter circuit 7 
changes waveforms to signals to be applied to a living 
body. The AC current output circuit 8 modifies the sig- 
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nals outputted from the filter circuit 7 to a predetermined 
effective value. The measuring current supply electrode 
1 0 is connected to one output terminal of the AC current 
output circuit 8 via the reference resister 9. The meas- 
uring current supply electrode 11 is connected to the 
other output terminal of the AC current output circuit 8. 
Thus, AC current is applied through the measuring cur- 
rent supply electrodes 1 0 and 11 . 
[0022] The apparatus 1 further comprises a differen- 
tial amplifier 12, voltage measuring electrodes 13 and 
14, and a differential amplifier 15. The differential am- 
plifier 1 2 detects a voltage difference between one ter- 
minal and the other terminal of the reference resister 9 
in order to detect a current flowing into the body of the 
subject. The voltage measuring electrodes 13 and 14 
detect voltage at two points on the subject. The differ- 
ential amplifier 1 5 is connected to the voltage measuring 
electrodes 13 and 14 to detect a voltage difference be- 
tween these electrodes. 

[0023] The apparatus 1 further comprises a tempera- 
ture sensor 16, an amplifier 17, a body temperature sen- 
sor 1 8 and an amplifier 1 9. The temperature sensor 1 6 
detects an outside temperature. The amplifier 1 7 ampli- 
fies an output of the temperature sensor 1 6. The body 
temperature sensor 1 8 has a thermistor and the like to 
measure a body temperature of the subject. The ampli- 
fier 1 9 amplifies an output of the body temperature sen- 
sor 18. 

[0024] The apparatus 1 further comprises a switching 
device 20, an A/D converter 21 , a timer circuit 22 and 
an alarm 23. The switching device 20 outputs a selected 
one of the outputs of the amplifiers 12,15 : 17 and 19 
based on the control of the microcomputer 2. The A/D 
converter 21 converts analogue signals outputted from 
the A/D converter 21 to digital signals and then outputs 
them to the microcomputer 2. The timer circuit 22 con- 
trols time for informing to the subject. The alarm 23 gen- 
erates a sound at the inform time. 
[0025] Figure 2 is a perspective view of the dehydra- 
tion condition judging apparatus shown in Figure 1 . As 
shown in Figure 2, the apparatus 1 comprises a housing 
24 which has a substantially box shape. The voltage 
measuring electrodes 1 3 and 1 4 and the measuring cur- 
rent supply electrodes 10 and 11 are disposed to be 
spaced apart from each other on the circumference of 
the housing 24. That is, the measuring current supply 
electrodes 10 and 11 are disposed on a left back unit 
and right back unit of the housing 24, respectively. The 
voltage measuring electrodes 13 and 14 are disposed 
on a left front unit and right front unit of the housing 24, 
respectively. The temperature sensor 1 6 is disposed on 
an upper surface of the housing 24. and the display 3, 
the body temperature sensor 18 and the key switch 4 
are disposed on the front side of the housing 24. The 
key switch 4 is comprised of a power switch 4A, an up 
key 4B, a down key 4C, a set up switch 4D and a meas- 
urement key 4E. The power supply is turned on and off 
by pressing the power switch 4A. The up key 4B and the 



down key 4C are for selecting numerical values for in- 
putting personal particulars. The set up switch 4D is for 
switching the apparatus 1 to a set up mode and inputting 
values which are selected by the up key 4B and the 
5 down key 4C. The measurement key 4E is for com- 
manding the start of measuring. 

[0026] Nowthe operation of the dehydration condition 
judging apparatus will be described. Fig. 3 shows a flow- 
chart illustrating a series of actions taken for measuring 

10 the dehydration condition. Fig. 4 illustrates the arrange- 
ment of a subject's hands when using the dehydration 
condition judging apparatus of Fig. 1 . 
[0027] When the subject depresses the power switch 
4A, the apparatus 1 starts to operate (step 1) and then 

15 the apparatus 1 is initialized (step 2). Then, the appara- 
tus 1 is changed to a standby condition, and waits for 
the set up switch 4D or the measurement key 4E to be 
depressed (step 3). If the set up switch 4D is depressed, 
the apparatus 1 is changed to the set up mode (step 4). 

20 Then, the subject inputs personal particulars including 
height, body weight, age and sex by depressing the up 
key 4B, the down key 4C and the set up switch 4D, and 
then the apparatus 1 stores these inputted personal par- 
ticulars in the auxiliary memory 6 (step 5). 

25 [0028] Then, the apparatus 1 is changed to a meas- 
uring mode. As shown in Fig. 4, the subject contacts his/ 
herfinger root of the rightthumb to the body temperature 
sensor 18, contacts his/her other fingers to the measur- 
ing current supply electrodes 10 and 11, and contacts 

30 his/her thenars to the voltage measuring electrodes 1 3 
and 1 4. The subject holds the apparatus 1 in such away, 
and then depresses the measurement key 4E. When the 
measurement key 4E is depressed, the apparatus 1 
starts to measure a bioelectric impedance of the subject. 

35 [0029] Alternating current signals are directed from 
the microcomputer2tothefiltercircuit7 based on meas- 
urement parameters. These parameters are pre-stored 
in the ROM in the microcomputer 2. The filter circuit 7 
adjusts the waveform of the AC current to be applied to 

40 a living body. The output of the filter circuit 7 is directed 
to the AC current output circuit 8. The AC current output 
circuit 8 modifies the alternating current to a predeter- 
mined effective value. One output terminal of the AC 
current output circuit 8 is connected to the measuring 

45 current supply electrode 1 0 via the reference resister 9. 
The other output terminal of the AC current output circuit 
8 is connected to the measuring current supply elec- 
trode 11 . Thus, AC current is applied through the meas- 
uring current supply electrodes 1 0 and 1 1 to the subject. 

so [0030] The potentials of the both terminals of the ref- 
erence resister 9 are detected by the differential ampli- 
fier 12. The differential amplifier 1 2 outputs potential dif- 
ference values between one terminal and the other ter- 
minal of the reference resister 9 in order to detect a cur- 

55 rent flowing into the body of the subject. On the other 
hand, the voltages from two points on the subject are 
detected by the voltage measuring electrodes 13 and 
14, and then supplied to the differential amplifier 15. The 
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differential amplifier 15 outputs potential difference val- 
ues between the two points of the subject. The potential 
difference values from the differential amplifiers 12 and 
15 are switched by the switching device 20 based on 
thecontrol signals supplied by the microcomputer, and 
then these values are fed to the A/D converter 21 . The 
A/D converter 21 converts the supplied analogue values 
into digital values. The output of the A/D converter 21 is 
then supplied to the microcomputer 2. The microcom- 
puter 2 determines the bioelectric impedance value 
based on these digital values. 

[0031] After the bioelectric impedance value is meas- 
ured, the apparatus 1 determines the total amount of 
body water of the subject by known method based on 
the measured bioelectric impedance value and the per- 
sonal particulars stored in the auxiliary memory 6. At the 
time the bioelectric impedance value is measured, the 
apparatus 1 measures the body temperature of the sub- 
ject by the body temperature sensor 1 8. That is, the val- 
ue detected by and supplied from the body temperature 
sensor 1 8 is amplified by the amplifier 1 9, and the output 
of the amplifier 1 9 is then switched by the switching de- 
vice 20 based on the control signals from the microcom- 
puter 2, and supplied to the A/D converter 21 . The A/D 
converter 21 converts the supplied analogue value to a 
digital value. The output of the A/D converter 21 is sup- 
plied to the microcomputer 2. The microcomputer 2 de- 
termines the body temperature of the subject based on 
the supplied digital value. 

[0032] The total amount of body water determined by 
the above steps is used as a reference value when judg- 
ing whether a dehydration condition occurs in a later 
step. Thus ; the measurement in this step is preferably 
done when body condition of the subject is normal, e.g. , 
the subject does not have a fever, and at the time when 
the subject is engaged in normal activities, i.e., not im- 
mediately after exercise or getting up (step 6). 
[0033] The determined total amount of body water 
and the body temperature are stored as reference val- 
ues in the auxiliary memory 6. Hereinafter, this total 
amount of body water is referred to as reference total 
amount of body water, and this body temperature is re- 
ferred to as reference body temperature (step 7). After 
that, the apparatus 1 is again changed to the standby 
condition (step 3). 

[0034] If the set up key 4D is not depressed in step 4, 
and the measurement key 4E is not depressed in step 
8, the apparatus 1 continues in the standby condition 
(step 3). If the measurement key 4E is depressed in step 
8, the apparatus 1 determines whether the reference to- 
tal amount of body water, the reference body tempera- 
ture and the personal particulars are stored in the aux- 
iliary memory 6 (step 9). If these values are not stored, 
the apparatus 1 is changed to the set up mode (step 5). 
[0035] On the other hand, if these values are stored, 
the apparatus 1 shows the personal particulars on the 
display 3 for a predetermined time, and after that shows 
a list of action levels instead of the personal particulars 



on the display 3. The action levels represent living con- 
ditions of a subject such as an exercising condition 
where a high level of energy is required, a normal con- 
dition where a normal level of energy is required and a 

5 sleeping condition where a low level of energy is re- 
quired. The subject, by depressing the up key 4B, the 
down key 4C and the set up key 4D, selects and inputs 
an action level he/she will be at during the time he/she 
is controlling the dehydration condition using the appa- 

10 ratus 1 . If the subject selects an action level which rep- 
resent the exercising condition, the apparatus 1 then 
shows a list of different kinds of sports such as walking, 
running, cycling and golf on the display 3. The subject, 
by depressing the up key 4B, the down key 4C and the 

15 set up key 4D, selects and inputs the kind of sports he/ 
she does during the time he/she is controlling the dehy- 
dration condition using the apparatus 1 . The inputted ac- 
tion level is then stored in the auxiliary memory 6 (step 
10). 

20 [0036] Then, the apparatus 1 measures the outside 
temperature by the temperature sensor 1 6. That is, an- 
alogue values obtained from the temperature sensor 1 6 
are amplified in the amplifier 17, the output of the am- 
plifier 17 is switched by the switching device 20 based 

25 on the control signals from the microcomputer 2, and 
this output is supplied to the A/D converter 21 . The A/D 
converter 21 converts the inputted analogue values to 
digital values, the output of which converter is supplied 
to the microcomputer 2. The microcomputer 2 deter- 
so mines the outside temperature based on the supplied 
digital values. The temperature thus determined is 
stored in the RAM in the microcomputer 2. Hereinafter 
this temperature is referred to as the reference temper- 
ature (step 11). 

35 [0037] Next, the apparatus 1 determines the inform 
time. The inform time is the time when the apparatus 1 
should notify the subject that it is time for him/ her to 
examine his/her condition to judge if he/she is dehydrat- 
ed. The inform time may be at the same time that the 

40 examination should take place, or it may be a little earlier 
than the time the examination should take place so that 
he/she can has time to prepare forthe examination. The 
inform time should be determined based on the time the 
next examination should take place. The time the next 

45 examination should take place is preferably determined 
after considering factors which cause dehydration, such 
as age, action level and temperature. 
[0038] Thus, in the present embodiment, the inform 
time is determined based on the age inputted at step 5. 

50 the action level inputted at step 1 0, and the temperature 
determined at step 11 . If the subject is elderly, exercise 
in the action level is hard, or the temperature is high, 
dehydration condition is aptto occur, andthusthe inform 
time is set to a short time. The inform time thus deter- 

55 mined is stored in RAM (step12). 

[0039] After the inform time is set, the apparatus 1 is 
changed to the measurement mode, and, as explained 
in the above section on step 6, when measurement key 
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4E is depressed, the apparatus 1 measures the bioe- 
lectric impedance value and a body temperature. Then, 
the apparatus 1 corrects the bioelectric impedance val- 
ue based on the measured body temperature using the 
reference body temperature and predetermined correc- 
tion equation stored in the auxiliary memory 6. That is, 
the bioelectric impedance value is corrected so that 
change in the bioelectric impedance value based on the 
change in the body temperature is cancelled. Hereinaf- 
ter, the bioelectric impedance value corrected in this 
way is referred to as "the body temperature corrected 
bioelectric impedance value". Next, the apparatus 1 de- 
termines, by a known method, the total amount of body 
water based on "the body temperature corrected bioe- 
lectric impedance value" and the personal particulars in- 
putted at step 5. Hereinafter, the total amount of body 
water determined based on "the body temperature cor- 
rected bioelectric impedance value" is referred to as "the 
body temperature corrected total amount of body water" 
(step 13). 

[0040] Next, the apparatus 1 compares "the body 
temperature corrected total amount of body water" and 
the reference body water stored in the auxiliary memory 
6, and judges if the dehydration condition is occurring 
at the time of measuring in step 13. This determination 
is, for example, based on the ratio of the corrected total 
amount of body water to the reference body water. 
When this ratio is substantially 1 , it is judged that a de- 
hydration condition is not occurring (step 14), and it is 
thus shown that the subject's condition is good on the 
display 3 (step 15). When the above ratio is small, it is 
judged that the dehydration condition is occurring (step 
14), and thus it is shown that the dehydration condition 
is occurring on the display 3 (step 16). 
[0041] Upon completion of thejudgementwhetherthe 
dehydration condition is occurring, the apparatus 1 
starts to measure the inform time stored in the RAM in 
the microcomputer 2 by the timer circuit 22 (step 17), 
and measures the temperature as explained in the sec- 
tion of step 1 1 (step 1 8). The apparatus 1 compares the 
measured the temperature and the reference tempera- 
ture stored in the RAM (step 19). If the measured tem- 
perature is raised more than a predetermined value 
above the reference temperature, the apparatus 1 up- 
dates the inform time stored in the RAM and sets it to a 
shorter time (step 20). 

[0042] The apparatus 1 judges whether the inform 
time measured by the timer circuit 22 has passed (step 
21), and when the inform time has passed, the appara- 
tus 1 activates the alarm 23 for urging the subject to ex- 
amine whether the dehydration condition is occurring 
(step 22). After that, the apparatus 1 is changed to the 
measuring mode again, and repeats the measuring of 
the bioelectric impedance value and the body tempera- 
ture. In this way, the subject is repeatedly urged to pay 
attention to examining whether the dehydration condi- 
tion is occurring, and thus the subject examines whether 
the dehydration condition occurs repeatedly at appro- 



priate intervals, thus enabling the subject to accurately 
judge whether the dehydration condition is occurring at 
an early stage (step 13). 

[0043] On the other hand, if the inform time has not 

5 passed at step 21 , the apparatus judges whether the 
power switch 4A is depressed (step 23). If the power 
switch 4A is depressed, the apparatus 1 turns off the 
power and stops operating. If the power switch is not 
depressed, the apparatus 1 continues to measure the 

10 temperature (step 18). In this way, steps 18 to 23 are 
repeated until the inform time has passed, and the in- 
form time is determined and updated after taking into 
consideration the change in temperature. Thus, the in- 
form time can be set to urge the subject to pay attention 

15 to examining whether the dehydration condition is oc- 
curring at more appropriate intervals. 
[0044] Although a preferred embodiment of the dehy- 
dration condition judging apparatus of the present in- 
vention has been described above, the present inven- 

20 tion is not limited to this embodiment. In this embodi- 
ment, the total amount of body water is determined 
based on the bioelectric impedance value, and whether 
the dehydration condition is occurring is judged based 
on the total amount of body water. However, other val- 

25 ues can be derived from the bioelectric impedance val- 
ue, such other values including intra-cellular water, ex- 
tra-cellular water, a ratio of these waters, electrical re- 
sistance of intra-cellular water and extra-cellular water, 
electrical resistance of intra-cellular water, electrical re- 

30 sistance of extra-cellular water, and a ratio of these re- 
sistances. These other values can be used to judge the 
dehydration condition. 

[0045] On the other hand, the bioelectric impedance 
value is increased in the dehydration condition. Thus, 

35 using this relation between the dehydration condition 
and the bioelectric impedance value, the present inven- 
tion can judge the dehydration condition based on the 
bioelectric impedance value itself. In this case, it is not 
necessary to calculate the total amount of body water 

40 based on the bioelectric impedance value, and thus it is 
not necessary to input personal particulars such as 
height, body weight, sex and age. As a result, it is easy 
to operate the present apparatus. Thus ; the present in- 
vention can judge whether the dehydration condition is 

45 occurring based on the total amount of body water de- 
termined from the bioelectric impedance value, and also 
judge whether the dehydration condition is occurring 
based on the bioelectric impedance value itself. 
[0046] The dehydration condition is related to a sub- 

50 ject's pulse in that, when the dehydration condition oc- 
curs, the viscosity of blood increases, and as a result 
the pulse increases rapidly. Thus, the present apparatus 
may be provided with means for measuring the pulse. 
The present apparatus may judge the dehydration con- 

55 dition based on the pulse as well as the bioelectric im- 
pedance value using the relation between the dehydra- 
tion condition and the pulse. 

[0047] When the dehydration condition occurs, the 
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body temperature increases. Thus : the apparatus may 
judge the dehydration condition based on the body tem- 
perature as well as the bioelectric impedance value us- 
ing the relation between the dehydration condition and 
the body temperature. Further, the apparatus may judge 
the dehydration condition based on all of the above fac- 
tors, namely the bioelectric impedance value, the pulse 
and the body temperature, which results in a more pre- 
cise measurement. 

[0048] In the present embodiment, the bioelectric im- 
pedance value is measured using an alternating current 
of a single frequency. However, the bioelectric imped- 
ance value may be measured using a plurality of alter- 
nating currents of different frequencies. In this case, it 
is possible to measure a ratio of intra-cellular water to 
extra-cellular water. The inputting of personal particu- 
lars such as height, body weight, sex and age is not nec- 
essary to calculate this ratio. This ratio does not alter 
when the body temperature changes. Thus, preferably 
the dehydration condition may be judged based on the 
ratio of intra-cellular water to extra-cellular water rather 
than based on the total amount of body water. 
[0049] When the humidity is high, a quantity of sweat 
increases, and thus the dehydration condition is more 
likely to occur. Thus, the humidity is also a factor causing 
the dehydration condition to occur. The apparatus may 
be provided with means for measuring humidity as well 
as temperature, and the apparatus may determine the 
inform time based on a change in humidity as well as a 
change in temperature. In such a way, the inform time 
will be set to urge the subject to pay attention to exam- 
ining whether the dehydration condition is occurring at 
more appropriate intervals. 

[0050] In addition, in the present embodiment, action 
levels representing different kinds of exercises are in- 
putted. However, the intensity of an exercise differs from 
person to person even if their exercises are of the same 
kind. Thus, one can determine the intensity of exercise 
only roughly based on the kind of exercise. Thus, the 
apparatus may be configured to input the intensity of ex- 
ercise instead of the kind of exercise. This may result in 
the inform time being set at more appropriate intervals. 
[0051] In the present embodiment, the body temper- 
ature is measured, and the dehydration condition is 
judged based on the bioelectric impedance value in view 
of the measured body temperature. However, a temper- 
ature of a body surface may be measured instead of the 
body temperature, and the dehydration condition may 
be judged based on the bioelectric impedance value in 
view of the measured body surface temperature. 
[0052] In the present embodiment, the apparatus urg- 
es the subject to pay attention to measuring the bioe- 
lectric impedance value by an alarm. However, the ap- 
paratus may urge the subject to pay attention by a light 
or a vibration. 

[0053] Further, the apparatus may transmit the results 
of measurement acquired by the apparatus and data re- 
lating to the judgement to an outside computer via an 



input output interface, and the data may be processed 
in the outside computer. Further, the change in the total 
amount of body water in a day may be shown on the 
display of the computer. 

5 [0054] As can be understood from the above, the sub- 
ject can examine whether the dehydration condition is 
occurring without fail at appropriate times because the 
apparatus activates an alarm to urge the subject to pay 
attention to measuring the total amount of body water. 

10 [0055] The subject can examine dehydration condi- 
tion without fail at appropriate times because the inform 
time is determined according to factors, including age, 
action level and temperature, which may cause the de- 
hydration condition to occur. 

15 [0056] Further, the apparatus of the present invention 
comprising the body temperature sensor corrects the 
bioelectric impedance value in accordance with the 
body temperature, judges the dehydration condition 
based on the corrected bioelectric impedance, and thus 

20 judges the dehydration condition based on the bioelec- 
tric impedance in view of the body temperature. There- 
fore, whether the dehydration condition is occurring can 
be judged more precisely than in the case of prior art. 

25 

Claims 

1 . A dehydration condition judging apparatus compris- 
ing: 

30 

a bioelectric impedance measuring device; 
a dehydration condition judging unit; 
an judgement result displaying unit; 
an inform time determining unit; and 
35 an informing device; wherein, 

said bioelectric impedance measuring de- 
vice supplies an alternating current 
to a body of a subject and measures a bio- 

40 electric impedance value, 

said dehydration condition judging unit 
judges a dehydration condition of the sub- 
ject based on the measured bioelectric im- 
pedance value, 

45 said judgement result displaying unit dis- 

plays the judged dehydration condition, 
said inform time determining unit deter- 
mines an inform time, and 
said informing device informs the subject 

50 at the determined inform time that it is time 

to measure the total amount of body water. 

2. A dehydration condition judging apparatus accord- 
ing to claim 1 wherein; 

55 

said bioelectric impedance measuring device 
supplies an alternating current of single fre- 
quency. 
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3. A dehydration condition judging apparatus accord- 
ing to claim 1 wherein; 

said bioelectric impedance measuring device 
supplies a plurality of alternating currents of dif- 5 
ferent frequencies to the subject. 



said inform time determining unit determines 
another inform time based on the temperature 
measured again. 

9. A dehydration condition judging apparatus accord- 
ing to claim 7 further comprising: 



4. A dehydration condition judging apparatus accord- 
ing to any one of claims 1 to 3 further comprising: 

a body temperature measuring device; where- 
in, 

said body temperature measuring device 
measures a body temperature of the subject; 
and 

said dehydration condition judging unit takes 
into consideration the measured body temper- 
ature and then judges the dehydration condi- 
tion of the subject based on the measured bio- 
electric impedance value. 



10 



15 



a humidity measuring device; wherein; 
said inform time determining unit determines an 
inform time based on the measured tempera- 
ture and humidity. 



20 



5. A dehydration condition judging apparatus accord- 
ing to any one of claims 1 to 4 further comprising: 



an age input unit; wherein; 25 
said age inputting unit has an age of the subject 
inputted into; and 

said inform time determining unit determines 
the inform time based on the inputted age. 



6. A dehydration condition judging apparatus accord- 
ing to any one of claims 1 to 5 further comprising: 

an action level input unit; wherein; 



30 



35 



said action level input unit has an action 
level of the subject inputted into; and 
said inform time determining unit deter- 
mines the inform time based on the input- 
ted action level. 40 



7. A dehydration condition judging apparatus accord- 
ing to any one of claims 1 to 6 further comprising: 

a temperature measuring device; wherein; 45 
said temperature measuring device measures 
a temperature; and 

said inform time determining unit determines 
the inform time based on the measured temper- 
ature. 50 



8. A dehydration condition judging apparatus accord- 
ing to claim 7, wherein; 



said temperature measuring device measures 55 
temperature again at least once in a period be- 
tween the time the inform time is determined 
and the determined inform time; and 



8 



EP 1 177 763 A1 




9 



EP 1 177 763 A1 




EP 1 177 763 A1 



S5 



S6. 



S7- 



FIG.3 



( POWER QN~) — S1 



MEASURE 
PARTICULARS 



I 



MEASURE IMPEDANCE 
BODY TEMPERATURE 



I 



STORE IMPEDANCE 
BODY TEMPERATURE 



S16 



DISPLAY WARNING 



INITIA LIZE 



S2 



STANDBY 



YES 




S3 




SET UP KEY 
DEPRESSED? 




S4 




NO 



MEASUREMENT 
KEY DEPRESSED? 



S8 

NO 




INPUT ACTION LEVEL 

r 



MEASURE TEMPERATURE 

\ zz 



SET INFORM TIME 



S10 
S1 1 
S12 



MEASURE IMPEDANCE 
BODY TEMPERATURE 



S13 



YES 





BODY WATER 
UNUSUAL?. 



S14 



DISPLAY GOOD 



J— S15 



TIMER START 



-S17 



MEASURE TEMPERATURE 



S18 



S20 



YES 



ALTER INFORM TIME 



TEMPERATURE 
RAISED ?. 

NO 



S19 




11 



EP 1 177 763 A1 




12 



EP 1 177 763 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 11 8138 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with Indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lntLCri.7) 



JP 10 071130 A (HITACHI LTD) 
17 March 1998 (1998-03-17) 

* abstract * 

JP 11 076188 A (0MR0N CORP) 
23 March 1999 (1999-03-23) 

* abstract * 

* paragraph *0014! * 

JP 2000 023935 A (OMRON CORP) 
25 January 2000 (2000-01-25) 

* abstract * 

* paragraph '0322! * 

* figures 35,43 * 



A61B5/05 



1,4 



The present search report has been drawn up for all claims 



TECHNICAL FIELDS 
SEARCHED (lntCI.7) 



A61B 



Pia<w of search 

THE HAGUE 



Data ol completion of the search 

12 November 2001 



Examiner 

Marten 1 , L 



CATEGORY OF CITED DOCUMENTS 



X 
Y 



particularly relevant if taken alone 
particularly relevant if combined with another 
document of the same category 
technological background 
O : non-wrtten disclosure 
P : intermediate document 



A 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D :: document cited in the application 
L : document cited for other reasons 

& : rnemher of the same patent family, corresponding 
document 



13 



EP 1 177 763 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 01 11 8138 



This annex lists the patent family membersrelating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

12-11-2001 



Patent document 
cited in search report 



Publication 
date 



Patent lamily 
m ember (s) 



Publication 
date 



JP 10071130 



17-03-1998 NONE 



JP 11076188 



23-03-1999 NONE 



JP 2000023935 



25-01-2000 NONE 



Sj For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



14 



